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1. Your reference 



MJS/LP6071088 



2. Patent application number 

(if you know it) 



3. Full name of the or of each applicant 



WALKER FILTRATION LIMITED 



4. Title of the invention 



ADSORPTION GAS DRYER 



5. State how the applicant^ derived the right from Ry VIRTU£ Qp EMpL0YMENT 
the inventor^) to be granted a patent 



6. How many, if any, additional Patents Forms 
7/77 are attached to this form? 

(see note(c)) 



I/We believe that the person^ named over the page (and on any extra copies 
of this form) is/are the inventory of the invention which the above patent 
application relates to. 
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, . • ~t y r « . » ^ MICHAEL SANDERSON 

to contact in the United Kingdom 

0191 232 8685 



Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there are more than three inventors, please write the names and addresses of the other inventors on the back of another 
Patents Form 7/77 and attach it to this form. 

d) When an application does not declare any priority, or declares priority from an earlier UK application, you must provide 
enough copies of this form so that the Patent Office can send one to each inventor who is not an applicant. 

e) Once you have filled in the form you must remember to sign and date it. 
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1. Your reference 



2. Patent application number 
. (The Patent Office will fill in this part) 



MJS/LP6071088 

0215649.5 



3. Full name, address and postcode of the or of each 
applicant (underline all surnames) 
Patents ADP number (if you know it) 



If the applicant is a corporate body, give the 
country/state of its incorporation 



WALKER FILTRATION LIMITED 

SPIRE ROAD 

GLOVER EAST 

WASHINGTON 

TYNE & WEAR NE37 3ES 



GB 



4. Title of the invention 



ADSORPTION GAS DRYER 



5. Name of your agent (if you have one) 

"Address for service" in the United Kingdom to 
which all correspondence should be sent 

(including the postcode) 



MEWBURN ELLIS 

YORK HOUSE 
23 KINGSWAY 
LONDON 
WC2B 6HP 



Patents ADP number (if you know it) 



6. If you are declaring priority from one or more 
earlier patent applications, give the country and 
the date of filing of the or of each of these earlier 
applications and (if you know it) the or each 
application number 



109006 



Country Priority application number 

(if you know it) 



Date of filing 
(day / month /year) 



7 If this application is divided or otherwise derived Number of earlier application Date of filing 

from an earlier UK application, give the number (day /month /year) 

and the filing date of the earlier application 



8. Is a statement of inventorship and of right to grant 
of a patent required in support of this request? 
(Answer "Yes" if: YES 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an applicant, 
or 

c) any named applicant is a corporate body. 
See note (d)) ' \ ' 
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v_ier the number of sheets for any of the following 
items you are filing with this form. Do not count 
copies of the same document 

Continuation sheets of this form 

Description 17 

Claims 0 



Abstract 0 
Drawing^; 4 Jk ^ 




1 0. If you are also filing any of the following, state 
how many against each item 

Priority documents 



Translations of priority documents 



Statement of inventorship and right 3 / 
to grant of a patent (Patents Form 7/77) f 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 
(Patents Form 10/77) 

Any other documents 

(Please specify) 

[ • ■ I/We request the grant of a patent on the basis of this application. 

Signature Date 
IVo^un, ElUo 5 July 2002 

. Name and daytime telephone number of person to MICHAEL SANDERSON 0191 232 8685 

contact in the United Kingdom 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication or 
communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977 You will be informed it 
it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the United Kingdom, Section 23 of the 
Patents Aci 1977 stops you from applying for a patent abroad without first getting written permission from the Patent Office unless 
an application has been filed at least 6 weeks beforehand in the United Kingdom for a patent for the same invention and either no 
direction prohibiting publication or communication has been given, or any such direction has been revoked 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate sheet of paver 
and write see continuation sheet" in the relevant part (s). Any continuation sheet should be attached to this form. 

d) If you have answered 'Yes ' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it. 

f) i For details of the fee and ways to pay please contact the Patent Office. '* \ ' V 
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ADSORPTION GAS DRYER 



Adsorption dryers for compressed air and gases have been 
known for many years and are widely used throughout the 
world. Although other types of dryer are available, such a3 
deliquescent and refrigeration dryers, these cannot give a 
pressure dew-point as low as that achieved by adsorption 
dryers and which is essential for many applications. 

Normally, adsorption dryers are dual tower dryers. That 
is to say, they include two towers of desiccant material 
(commonly known as beds) one of which is 'on stream 1 drying 
the gas whilst the other is being regenerated. In a dual 
tower dryer, the gas to be dried is passed through the 
desiccant bed of the on-stream tower continuously, in one 
direction, during a drying cycle. Then, after a 
predetermined time interval (this interval being chosen 
such that the bed will have adsorbed sufficient moisture) 
the inlet gas is switched to the desiccant bed of the other 
tower and the first desiccant bed is regenerated by some 
suitable procedure such as heating, evacuation or passing a 
purge gas through it, usually in £ flow direction opposite 
to the flow of gas to be dried. 

1 
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Adsorption dryers are available in at least two distinct 
types: heat regenerative and heatless. A heat regenerative 
dryer, as the name implies, uses heat in one form or 
another to reactivate the wet desiccant bed normally in 
conjunction with a flow of purge gas. A heatless dryer uses 
a purge flow of dry gas, which is usually a proportion of 
dried gas from the on-stream tower, the purge gas being 
passed through the regenerating bed at a lower pressure 
than the gas in the on-stream tower. Both types of dryer 
are normally operated on a fixed time cycle for drying and 
regeneration and both cycles are usually of an equal 

duration, or they can be operated in a variable cycle. The 

cycle times for heat regenerative dryers are 

usually measured in hours whereas for heatless dryers they 

are measured in minutes. 



To control the flow of gas from one tower to the other, and 
to control the purge gas, a series of valves is employed. 
These valves most typically include inlet valves which 
switch the gas from one tower to the other, exhaust valves 
which control the duration of purge 'gas flow and 
repressurisation of the towers, and outlet check valves 
which prevent the outlet stream pressurizing the off-stream 



bed. In addition to these valves, a number of other valves 
such as purge check valves, repressurisation valves, 
additional exhaust restrictor valves and so forth may be 
required. 

In the vast majority of cases, manufacturers of adsorption 
dryers have usually sourced commercially available valves 
and piped them together using butt weld or threaded 
malleable iron fittings. A number of problems exist with 
dryers having this style of construction including pressure 
drop through the individual fittings, leakage through 
threaded joints, inflexibility with regard to method of 
actuation and complex and expensive manufacturing 
procedures: Some manufacturers have attempted to develop 
manifold systems but these have been limited to using 
porting blocks made from bar stock attached to butt welded 
pipework. 

In the applicant's earlier application, EP 0960646, there 
is disclosed a dryer have a first and second manifold for 
connection to the towers, each manifold having integral gas 
passages and at least one integral valve seat upou which a * 
valve actuator is mounted. Such a drier is shown in Figure 
1 in which there is provided two desiccant towers, 1 and 2 



which each have an upper and lower port. A first manifold, 
3, is connected to the two upper ports whilst a second 
manifold, 4, is connected to the two lower ports. Each 
manifold had four valves arranged in a linear formation 
within the manifold. This leads to a fairly bulky formation 

It is an aim of the present invention to reduce the 
problems associated with the known dryers. 

According to the invention there is provided an adsorption 
dryer having a first and a second drying tower each having 
a first port and a second port through which gas can pass 
into or out of the tower; a first and a second manifold 
connected respectively to the first and the second ports of 
both towers, the manifolds each including integral gas 
passages, each port of the towers being in communication 
with a gas passage, and the manifolds each including at 
least one integral valve seat upon which a valve actuator 
is mounted to constitute a valve for controlling flow of gas 
through the gas passages wherein the second manifold has 
two exhaust valves for controlling purge gas. 



In a dryer embodying the invention, the number of joints is 
minimised so improving reliability and reducing leakage and 



the complexity of assembly. Furthermore, the passages 
within the manifold can be formed to a length and shape, 
and the valve seats can be positioned to exactly 
correspond with the positions of the towers, unlike in the 
prior art where the positions of the pipes is determined by 
the positions of the valve ports. 

Preferably, the exhaust valves are arranged adjacent each 
other in the second manifold. By arranging the two exhaust 
valves side by side in the second manifold, a smaller, more 
compact structure can be achieved. 

Each manifold may be formed as a casting, for example of 
aluminium alloy, spheroidal graphite iron, or plastic 
material such as polycarbonate. 

Most typically, one manifold (the second manifold) acts as 
a wet gas inlet and the other manifold (the first manifold) 
as the dry gas outlet. 

Preferably, the casting for each manifold is identical as 
this will reduce manufacturing costs. In embodiments where 
the castings are identical, the position in the cast 
occupied by the exhaust valves in the second manifold is 



II. 
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left vacant in the first manifold i.e. two cavities with no 
valve actuator are present in the first manifold. 
Preferably, these two cavities will be joined by a gas 
passage through which purge gas can flow. This purge gas 
will be dry gas which is bled off from the dry gas flowing 
to the outlet. Preferably, the first manifold has an 
aperture which provides an exit from the purge gas passage 
way to the exterior of the manifold. This aperture will be 
blocked off to allow ensure that the purge gas does not 
exit the manifold via the aperture. The aperture is 
preferably blocked off using a restriction element that 
restricts the flow of purge gas by a predetermined amount. 
For example, the restriction element may have an orifice 
of a smaller diameter than the purge gas passage. In this 
way, the restriction element may easily be replaced to vary 
the purge gas flow without requiring any disconnection of 
the manifold. 

A dryer embodying the present invention most commonly 
comprises two similar towers, each having an upper and a 
lower port, and upper and lower manifolds, the upper 
manifold being connected to the upper ports of both of the 
towers and the lower manifold being connected to the lower 
ports of both of the towers. Preferably, the first 



manifold is the upper manifold and the second manifold is 
the lower manifold but this could be reversed. 

A drier embodying the invention may be heatless or heat 
reactivated, up flow or down flow types of adsorption 
dryers . 

Conventionally, separate control enclosures are provided 
which add to cost and to size and can lead to problems 
with electrical protection from ingress of moisture and 
dust. A control system for a dryer embodying the invention 
may be positioned within or on a manifold. 

Hitherto, valves have been attached through pipework to the 
towers by means of screwed unions or gaskets. These are 
difficult to seal and are prone to subsequent leakage. More 
advantageously, embodiments of the present invention may 
use O-rings located in nozzles of the towers to provide a 
seal with the manifold. These 0~rings serve two purposes in 
that they not only provide compound sealing between the 
manifold and the vessel towers, but that they also 
captively hold 'desiccant support screens in place in the 
towers so that the manifolds can be removed from the towers 
without fear that the desiccant beads will fall out of the 



towers, thus making maintenance a much simpler task. 

Embodiments of the invention can incorporate, for example, 
poppet or piston actuated valves or diaphragm valves. 

* 

Preferably, the exhaust valves are diaphragm valves. Most 
preferably, they are servo-controlled diaphragm valves. Ir 
preferred embodiments, the second manifold includes a 
shuttle valve to direct wet gas into the appropriate i.e. 
on-stream tower. This shuttle valve "shuttles" between two 
positions, and the movement is preferably controlled by the 
exhaust valves. 



At least one of the manifold preferably includes a "demand" 
valve that comprises a spring-loaded piston. Gas will meet 
the piston and, only when the gas pressure is sufficient, 
the spring will be compressed and the piston moved in the 
direction of the gas flow to allow it to enter a gas 
passage revealed only when the piston is depressed. This 
ensures that the pressure within the dryer is adequate as 
it will not function if the pressure is too low. 

* 

In a second aspect there is provided a connection block for 
connection to a manifold as described above, the connection 
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block comprising two sets of gas passages, each set 
forming a cruciform shape within the block, each set having 
up to three arms of the cruciform leading to an exit from 
the block, whilst the fourth arm of one set forms an inlet 
into the manifold whilst the fourth arm of the* other set 
forms an outlet from the manifold. 

This connection block allows multiple inlet/outlet options. 
For example, if each set of cruciform gas passages has 
three outlets from the block, there are nine possible 
options. When driers are to be connected in a confined 
space, the option of connecting gas pipes to numerous 
locations is beneficial. It also allows driers to be 
connected together e.g. face to face in a space efficient 
manner. Furthermore, it allows all other drier components 
to be disconnected, e.g. desiccant towers, control valve 
panels, leaving the cruciform connection block connected to 
the pipes and leaving the pipe system undisturbed. 

As well as providing exits from up to three arms of the 
cruciform gas passages in each set, there may also be 
further exits from the gas passages, e.g. by other gas 
passages leading to the exterior of the block branching off 
from the cruciform passages. For example, there may be a 
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passage running perpendicularly to the plane in which the 
cruciform gas passages run. 

In a third aspect, there is provided a drier according to 
the first aspect in combination with a cruciform connection » 
block according to the second aspect. 

An embodiment of the invention will now be described in 
detail, by way of example, and with reference to the 
accompanying drawings, in which: 
Figure 1 shows a known adsorption dryer; 

Figure 2 shows a cruciform connection block which is an 
embodiment of the second aspect of the present invention; 
Figure 3 shows an adsorption dryer which is an embodiment 
of the invention; and 

Figure 4 is a cross-section through a connection block and 
a manifold according to a preferred embodiment of the 
present invention. 

Figure 1 shows a prior art dryer. The dryer comprises first 
and second drying towers 1, 2 containing desiccant 
material. The towers 1,2 are generally cylindrical and are 
disposed in an upright orientation. 
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Gas to be dried is received by an inlet pipe 5 from where 
it is conveyed to the towers 1,2 through an inlet system 
of pipes and valves contained within a manifold 3 mounted 
on the towers 1,2. 

Gas exiting from the towers 1,2 is received by an outlet 
system of pipes and valves contained within manifold 4 
mounted below the towers 1,2. 

A preferred embodiment of the connection block according 
the second aspect of the present invention is shown in 
figure 2 as a plan view. 

The connection block includes a body 6 which is preferably 
of a rectangular shape. Inside the block is a first set of 
cruciform gas passages 7 and a second set of cruciform gas 
passages 8. Each set of passages has three exits from the 
block, one at the end of three arms of the cruciform. 
Accordingly, the rectangular block has one aperture 9, 10 
at each end of the block (on the two short sides of the 
rectangle) and two apertures on each long side of the 
rectangle, six apertures in total. ^ 

The connection block shown in Figure 2 is for connection to 
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a manifold. The connection block has an inlet 11 to the 
manifold and an outlet 12 from the manifold. Gas can enter 
the connection block through any of the apertures 
associated with the set of cruciform gas passages that lead 
to the inlet 11. For example, gas could enter via aperture 
9 and flow in a straight path to the inlet 11 which is in 
fluid combination with a gas passage in the manifold. Once 
the gas has been dried, it exits the manifold at outlet 12 
and enters the connection block. Gas can then leave the 
connection block by any one of the three apertures 
associated with the cruciform gas passages in fluid 
communication with the outlet, e.g. aperture 10. 

The inlet and outlet to and from the manifold can be 
reversed . 

A preferred embodiment of the dryer according to the first 
aspect of the present invention is shown in Figure 3. 
For the purposes of this description, a heatless down-flow 
dryer is used as an example. However, it will be realised 
that the invention is not restricted in application to 
dryers of this type. ^ * 

With reference now to Figure 3, a dryer embodying the 
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invention comprises first and second drying towers 13,14, 
each containing desiccant material. The desiccant material 
may constrained only by the tower but preferably, 
cartridges 22,23 of desiccant material are inserted into 
th,e towers 13,14. The towers 13,14 are generally 
cylindrical and are disposed in an upright orientation. 
Each tower 13,14, has an upper port 24 and a lower port, 
through which gas can pass into and out of the tower. 

A first manifold 15 is connected to the upper ports of both 
towers and a second manifold 16 is connected to the lower 
ports of both towers. 

The two manifolds are constructed as identical castings. 
Various materials can be used for the casting ranging from 
aluminium alloys to spheroidal Graphite Iron to 
Polycarbonate composite plastics. 

In the second manifold 16, there are two exhaust valves 17, 
18 located adjacent each other. Preferably, the exhaust 
valve actuators include a diaphragm under a cap which is 
sealed against a first sealing surface and which can^be 
urged against a second sealing surface to close the port 
connected thereto. The diaphragm may be operated by a 
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solenoid or under pneumatic control, as is convenient or it 
may be self-actuating. Each exhaust valve must be 
sufficiently large to allow a desiccant tower to reduce 
from full line pressure to atmospheric pressure in a matter 
of seconds . * 

The first manifold does not have exhaust valves but, as 
both manifolds are identical in moulded structure, there 
are cavities within the manifold in place of the valve 
actuators. These cavities are blanked off so that gas 
cannot escape from the manifold but there is a passage 
passing between the two cavities through which purge gas 
channeled from the outlet stream of dry gas can pass. It is 
desirable to be able to control the flow of purge gas and 
this can be done using a restriction element which is 
inserted through an aperture in the manifold wall. This 
allows for easy removal of the restriction element for 
replacement by an alternative element with different flow 
characteristics. Thus purge flow can be controlled without 
the manifold being dismantled. 

Both manifolds have a valve, preferably at the heart of the 
manifold. This is preferably a shuttle valve which has an 
actuator that can "shuttle" between two positions thus 
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controlling the passage of gas. 

The drier also preferably includes a connection block 19 
which is identical to that shown in Figure 2. The 
connexion block is. seated on the manifold and provides an 
inlet and outlet into the manifold. 

In operation, suppose initially that the first tower 13 is 
being used to dry the incoming gas and the second tower 14 
is being regenerated having been saturated in the preceding 
drying cycle. Gas enters the connection block via aperture 
9 and flows though the gas passage to the inlet 11 to the 
manifold 15 as shown in Figure 4. Alternatively, there 
could be a conventional inlet pipe connected to the 
manifold. The wet gas is then directed to the second 
manifold at the base of the towers. The shuttle valve in 
the second manifold would be positioned so as to direct the 
incoming gas stream into the first tower 13. The gas flows 
through the tower back to the first manifold where it meets 
a second shuttle valve 20 which will be positioned so as to 
allow flow of the gas to the outlet 12 and then out of the 
manifold into the gas passages of the connection block. 

A demand valve can be located at outlet 12 comprising a 
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piston and a spring. If the gas pressure is below a 
predetermined threshold, the force of the gas is 
insufficient to depress the spring and the piston remains 
in a position in which the exit to the connection block (or 
other outlet pipe) is concealed/ When the gas pressure 
reaches the threshold, the spring is compressed and the 
piston moves in the direction of the gas flow, revealing 
the exit to the connection block as it moves so that the 
gas can exit the manifold. 

As the dry gas flows back into the first manifold from the 
on-stream tower, a small bleed of this dry gas is channeled 
off into a purge gas passage through an aperture 21. This 
gas passage passes between the space left by omission of 
the exchange valves from the first manifold. As discussed 
previously, the flow of purge gas in the passage can be 
controlled by replaceable restriction elements. The purge 
gas expands as it passes through orifices in the gas 
passageway so that on entry into a tower, it is 
substantially at atmospheric pressure. This purge gas is 
channeled back down to the second manifold through the off- 
stream tower 14 thus regenerating the desiccant. The purge 
gas exits the tower into the second manifold where it is 
exhausted from the drier by one of the exhaust valves. The 
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action of the gas passing through the exhaust valve is 
responsible for the control of the shuttle valve in the 
second manifold. If gas is being exhausted from tower 14 
then the shuttle valve is switched to ensure that wet gas 
yet to be dried is channeled into the tower 13. 4 

The preferred embodiments described above are by way of 
example only and many modifications will be readily 
apparent to a person skilled in the art. 
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